Nanoparticles have comprehensively affected various sights of human life. Through the wide range of claims about nanosized particles and their functions, biomedical applications are of much interest among health care researchers due to the nanoparticles' potential for use in the process of disease diagnosis, control and treatment. In this regard, inorganic nanoparticles, which have high potential in diagnostic and therapeutic systems, have recently received much attention in oncology. Although inorganic nanoparticles initially seemed an appropriate tool for cancer imaging and diagnosis, their ability to attack cancerous cells as anticancer drugs or carriers in other drugs has also demonstrated promising results. The present review primarily provides a brief survey of various studies in which metal nanoparticles such as gold, silver, iron oxide, and metalloid nanoparticles viz. tellurium and bismuth were exploited for therapeutic or diagnostic purposes in oncology. Then the application of selenium nanoparticles as a therapeutic agent against cancer in in vitro and in vivo studies is reviewed in detail. Although inorganic nanoparticles seem to be useful tools for cancer imaging and diagnosis, their potential for attacking cancerous cells as anticancer substances or even carriers for anticancer medications should not be underestimated.
Introduction
During the past decade, nanoparticles (NPs) have revolutionized various areas of science ranging from electronic to the environment and medicine. Although knowledge of NPs and their biomedical application is still in its infancy, nanomedicine has demonstrated numerous promising promotions in a wide variety of health-related problems in diagnostic and therapeutic systems. Despite vast advances in medicine in curing disease and improved life expectancy among patients, unresolved complications such as cancer stimulate researchers to find a desirable approach for overcoming the rest. This is where nanomedicine seems useful, and NPs open a new encouraging window. Inorganic NPs include metal and/or metalloid compounds that are converted from their bulk parents to nanomaterials through various methods. Chemical preparation of inorganic NPs is usually fast and compatible with a wide variety of materials [1, 2] . However, this method is often considered energy intensive, and the application of toxic chemicals is a related concern [3] .
Recently, biogenic production of NPs has received interest since it is not only a cost-effective method for obtaining nanomaterials but also eco-friendly and energy-efficient [4] . Likewise, the production of toxic materials is hindered by using this green biotechnological procedure. In contrast to the benefits of using the biogenic method for producing NPs, through the optimum growth condition (e.g., pH, temperature, and nutrients), the difficult and timeconsuming procedure for extracting NPs at the end step, especially with the integration of microorganisms, is a drawback [4] .
Biomedical application of metal and metalloid NPs has a broad spectrum ranging from imaging of the whole body to the potential treatment of cancer and investigation of the complex cellular events (Fig. 1 ) [5] [6] [7] . In fact, the increasing interest in using inorganic NPs in biomedicine is related to the exclusive size and shape-dependent optoelectronic properties of these materials [8] and their optoelectronic property abilities, which make them a unique tool for various biomedical applications [9] . Recently, NPs with diagnostic and therapeutic applications in oncology have attracted researchers' attention [10] in addition to influencing recent theragnostic advances in this field [11] .
This review mainly surveys applications of metal inorganic NPs such as gold, silver, and iron oxide in cancer diagnosis and therapy through available publications. In addition, metalloid NPs such as tellurium and bismuth are reviewed, and selenium NPs are discussed in more detail in terms of anticancer properties in in vitro and in vivo studies.
Metal Nanoparticles
Metal NPs present unusual optical, thermal, and physicochemical properties related to the large proportion of high-energy surface atoms compared to their bulk solid [12] [13] [14] [15] . These NPs are versatile agents with various applications in biomedicine, including diagnostic assays [16, 17] , thermal ablation, efficacy enhancement of radiotherapy [18] [19] [20] [21] , and drug or gene delivery [22] [23] [24] [25] [26] .
Depending on the size and composition, metal NPs can represent special properties, such as quantum confinement in semiconductor nanocrystals, surface Diagnosis and imaging Therapeutic plasmon resonance, especially in gold NPs, and superparamagnetism, which is mostly observed in iron oxide NPs [12, 17] . In the last decade, many dextrancoated magnetic nanoparticle formulations have been approved for clinical use as magnetic resonance imaging (MRI) contrast agents, including ferumoxides, ferumoxtran, and ferucarbotran [27] . Recent advancements also demonstrated that magnetic NPs can be applied for hyperthermic treatment of cancers [28] .
Other characteristics of metal NPs such as high surface-to-volume ratio, vast optical properties, simple synthesis, low toxicity, facile surface chemistry and biofunctionalization, and high capacity for carrying therapeutic agents, have led to applications in the clinical field for diagnostic and therapeutic purposes [8, 29, 30] . As mentioned (bio-functionalization), these NPs can easily be functionalized with antibodies, peptides, and/or DNA/RNA for defined target cells [31] . For example, the surface of gold (Au) NPs has a strong binding affinity for thiols, disulfides, and amines [32, 33] , a property limited to metal NPs, and the simple Au-thiol chemistry enables the surface conjugation of various peptides, proteins, and DNA [34] . Metal NPs combine with biocompatible polymers (e.g., polyethylene glycol or chitosan), which can extend their in vivo circulation as a carrier for drug and gene delivery [35, 36] . Moreover, metal NPs can convert light or radiofrequencies into heat, which causes thermal ablation of the targeted cancer cells [37, 38] . In this regard, the ability of Au NPs to convert absorbed light proficiently into localized heat can be applied for selective photothermal therapy for cancer [21, 22] or bacterial infection.
In addition, the matchless physicochemical properties of metals at the nanoscale aid the development of wide-spectrum biosensors and other nanotechnology-based tools that help scientific research in basic biology [39] [40] [41] . Optical, acoustic wave, electrochemical, and magnetic biosensors are among the nanoparticle-based tools to which many advances in recent years in basic biology have been attributed [42] .
Metalloid Nanoparticles
Metalloids are chemical elements with exclusive characteristics that are in between or a mixture of metals and nonmetals. Therefore, metalloids are difficult to classify as either metal or nonmetal. There is neither a standard definition of a metalloid nor agreement according to which these elements are correctly classified. Metalloids feature metals and nonmetals, and accordingly are known as semimetals [43] . They react with metals like nonmetals and act like metals when they react with non-metals. Metalloid compounds have various biological effects on cells and tissues, and the potential for therapeutic use has grown over the centuries, beginning with the empiric use of arsenic for syphilis treatment before the discovery of antibiotics to the current Food and Drug Administration (FDA) approval of As 2 O 3 as a drug for treating acute promyelocytic leukemia in humans. Arsenic is a metalloid or semimetal in two biologically important oxidation states, As (III) and As (V), and the role of arsenic as a carcinogen and/or therapeutic agent has remained a dialectical issue [44] .
Although the potential of some metalloid compounds as a drug is still ambiguous, the evidence for applying these agents in therapeutic systems is promising. For instance, antimony has been successfully used as a therapeutic agent for treating two parasitic diseases, leishmaniasis and schistosomiasis [45] .
Tellurium (IV) is another metalloid, which affects thiol redox biological activity. The formation of a Te (IV)-thiol chemical bond or the formation of a disulfide bond in a specific protein results in conformational change, and may possibly cause the loss of protein biological activity, for example, the inactivation of cysteine proteases in the human body [46] . Silicon dioxide (SiO 2 ) similar to iron oxide has been used as a carrier for targeted delivery of drugs and genes [47] . Boron NPs are also an anticancer drug and applied for neutron capture therapy (NCT) [48] .
Metalloid NPs have been used for diagnostic assays as well; cadmium telluride NPs and polymercoated bismuth sulfide NPs (Bi 2 S 3 ) are being exploited as quantum dots for in vivo imaging and computed tomography (CT). Compared to conventional iodinated imaging agents for CT diagnosis assays, excellent stability at high concentrations, high X-ray absorption (fivefold better than iodine), longer circulation times (>2 h) in vivo, and an efficacy/safety profile make polymer-coated bismuth sulfide NPs a better choice [49] .
Methods Used for the Synthesis of Nanoparticles
There is a vast variety of methods for preparing NPs ranging from synthesis in water, gel templating, and solvent-free methods such as chemical vapor deposition (CVD) to electrical explosion and mechanical milling, etc. However, in general, these methods can be categorized into three types of chemical, physical, and biological systems. Through this wide range of methods, some of the chemical and biological (biogenic) syntheses of NPs are reviewed here.
Chemical synthesis
Many chemical procedures have been investigated for generating inorganic nanomaterials. Chemical reduction of metal salt precursors, electrochemical s y n t h e s i s , a n d c o n t r o l l e d d e c o m p o s i t i o n o f organometallic compounds and metal-surfactant complexes are examples of these methods [50] .
Surfactants are frequently used as protective agents or phase transfer agents in chemical synthesis. Borohydride, hydrazine hydrate, and sodium citrate are among the chemicals commonly applied as reducing agents [51] .
NPs produced by colloidal chemistry in liquid environments have many roles in many natural, industrial, and biological processes. Typical colloids are representative of NPs stabilized in solution to prevent aggregation. The synthesis of noble metals NPs in organic solvents, including transition metals, oxides, and semiconducting materials, has been widely documented [52, 53] .
Some characteristics of NPs such as production rate and crystal structure depend on the environment and are regulated by the ligands' molecules. In this regard, in the absence of ligands, nanoparticle surfaces are in maximum exposure condition, and can easily be accumulated, which results in their precipitation [54] . Water-soluble NPs may be fabricated in one-step inorganic solvents using the wise option of stabilizing agents as amphiphilic ligands such as peptides.
The seed-mediated method is another method of nanoparticle chemical synthesis, which establishes controllable nucleation in addition to the growth of NPs and nanorods in contrast to electrochemical and photochemical methods [55] . Although the CVD method also leads to the production of metal NPs through a chemical method, the resulting NPs have mostly been used in heterogeneous catalysis, magnetic data storage, and nanoelectronic devices rather than biomedicine [54] .
Wet chemical methods have been also used to produce various types of nanomaterials with size ranges of 12-50 nm. For instance, the sol-gel technique is a wet chemical method that produces micro-and nanocrystalline powders. The different sol-gel methods are applicable for the production of a wide variety of materials, including nanocrystalline powders, thin films, ceramics, and metal oxide and organic-inorganic hybrid NPs [51] .
Biogenic synthesis
Chemical methods for preparing metal NPs are tedious and expensive, and using capping or stabilizing agents (toxic solvents) in this procedure is unavoidable; however, biogenic synthesis of NPs can overcome these issues [51] . Although many chemical and physical methods are still being used to produce inorganic nanomaterials, the shape and size of the NPs created using these methods cannot be controlled, which is important since size and shape affect NPs' physical, chemical, electronic, and biological properties [56, 57] .
Several biogenic synthesis processes known for cost-effective and eco-friendly properties have been reported [58] . Microbial systems can detoxify metallic ions through different methods, such as oxidation and reduction of metals [59] (Fig. 2) , accumulation of metallic NPs outside the plasma membrane in some bacteria [60] , binding of metal ions to peptides (e.g., phytochelatin) to prevent DNA damage [61] , use of efflux pump systems [62] , precipitation and the creation of carbonates, phosphates, and sulfides metal forms, and metal ion volatilization by methylation and/ or ethylation [63] . The biogenic system is not limited to using bacteria, actinomycetes, fungi, and yeasts to produce NPs; instead, plant or algae extracts and even informational biomacromolecules, including proteins, polypeptides, DNA, and RNA (as other sources of biological materials), can also be applied to produce NPs [51] . For example, informational biomolecules (DNA and RNA) can be applied as building blocks capable of potentially supplying a set of chemical functional groups (e.g., phosphate backbones) that hinder the size and shape control of biomineralized nanomaterials [64, 65] .
However, biogenic synthesis has its own drawbacks. For example, since the reduction process may occur extracellularly and/or intracellularly [66] , in intracellular production of nanomaterials by microorganisms at the final step, the difficult extraction procedure is a disadvantage of the biogenic system. In addition, maintaining optimized growth conditions for microorganisms and the production of corresponding biomass for nanoparticle production are other concerns.
In sum, using a viable option for producing nanomaterials depends on many factors, including an assessment of the risks/benefits and available condition.
Metal Nanoparticles and Cancer
Among the characteristics of metal NPs, such as high surface-to-volume ratio and simple synthesis procedure, some traits such as easy surface chemistry or biofunctionalization and vast optical features have a key role in bringing these NPs to the clinic in cancer therapy and diagnosis [8, 30] . Metal and metal oxide NPs such as gold, silver, and iron oxide (Table 1) are of much interest in cancer research . Therefore, in the following, the application of these NPs in cancer science is reviewed.
Gold nanoparticles
Gold compounds have been classically used in medicine for various purposes such as vital power and curing male impotency [93, 94] . Epilepsy, syphilis, rheumatic disorder, tuberculosis, and different skin diseases were also cured by ancient gold [95, 96] . Gold NPs (Au NPs) have tunable optical properties based on the size and shape of the particles that make them promising and unique contrast agents for biomedical imaging [97] . Like other metal NPs, Au NPs have the ability to conjugate with a wide range of biological ligands such as oligonucleotides (DNA, RNA), peptides, proteins, viruses, and receptors through the thiol, disulfide, phosphine, or amine functional groups (Fig. 3 ) [98] . Numerous studies have implied Au NPs have a role in cancer diagnosis and therapy.
Choosing a treatment strategy for patients with cancer depends on various factors, including the type of tumor and the stage of the disease [99] . Chemotherapy and radiation, known as routine therapeutic modalities for cancer, have some nonspecific cell damage that limits their application. Photothermal therapy is also controversial due to its side effects on surrounding cells [100] . In fact, undifferentiated heating of normal and tumor cells in photothermal therapy is a big limiting factor and requires a logical design for tumor targeting and regulated delivery. Au NPs can be used as a probe for guiding the heat into the targeted cells. Compared to commonly used materials, such as indocyanine green, which have been applied for laser photothermal therapy, Au NPs demonstrated much lower irradiation energy needed for killing tumor cells [97] .
The ability of Au NPs to provide a stable milieu for biomolecules or easy bioconjugation of Au NPs with different types of ligands has led to tremendous interest in using these agents for targeting tumor therapy [101, 102] . Huang et al. [22] used Au NPs conjugated to anti-epidermal growth factor receptor (EGFR) antibody with near infrared (NIR) scattering for selective photothermal damage to cancer cells. Au NPs were also used to conjugate with antibody against human epidermal growth factor receptor (HER-2), which is overexpressed in breast cancer to enhance detection of this cancer with X-ray radiography [103] .
Bhattacharya et al. [96] have shown that Au NPs have anti-angiogenic and anti-tumor properties and can be applied as an active agent for cancer therapy. Selective delivery of Au NPs to the tumor site is crucial for therapeutic application. Since many solid tumors have a disorganized and highly permeable vascular network, intravascular injection of Au NPs seems an attractive method for affecting more tumor cells [104] . Extravasation from the blood circulation into solid tumors causes the accumulation of many NPs with a size range of 60-400 nm. To minimize the agglomeration, extend blood circulation time, and mask NPs from the immune system, it is better to cover them up with biocompatible polymers such as polyethylene glycol (PEG). O'Neal et al. [105] showed that injecting PEG-coated nanoshells through the tail vein of mice resulted in preferential accumulation of these agents in the tumor region in the first 6 hrs.
Early detection of cancer by monitoring biomarkers is crucial to safeguard the fate of the therapeutic intervention. Since tumor cells assimilate many molecular changes compared to normal cells, targeting these changes via nanoconjugated tools helps the diagnostic system in terms of specificity and sensitivity. Colloidal Au NPs have a strong surface plasmon resonance (SPR) absorption and scattering ability, which makes them an important tool for a diagnostic system as a contrast agent [106, 107] .
Binding antibody conjugated NPs to cancer cell surface molecules causes sharper SPR absorption bands and demonstrated six times greater affinity compared to the attachment of these agents to noncancerous cells [106] . Moreover, the intensity assessment of the absorption band in cancerous and non-cancerous cells indirectly indicate the over-expression of target molecules in cancer cells [106] . This technique is effective for detecting precancerous cells by changing the target molecule. In addition, multicolor imaging of different targets can be attained with a single white light source using Au NPs in different sizes and shapes conjugated to different molecules as probes and resulting in more precise detection of the cancer stage [104] . Immunogold NPs have also been used since the 1980s with conjugation of a fragment of antibody binding (Fab) for biological labeling and staining in the electron microscopy technique [108] . Based on these properties, Au NPs are an important part of the progress in biological science.
Silver nanoparticles
The biomedical application of silver compounds mostly depends on antibacterial properties and for external infections in which silver is applied in wound dressings, creams or ointments, and catheters and as an antibiotic coating agent on medical devices. Silver NPs (Ag NPs) are used similarly in biomedicine due to their antibacterial or antifungal properties [109] , although exposure to silver NPs has been associated with many health concerns such as inflammatory responses, oxidative stress, and cell cytotoxicity [110] . However, potential toxicity, tissue distribution, and cellular uptake of silver NPs have previously been studied, and the results showed that silver NPs mainly accumulate in the liver and are a toxic agent for other organs such as the brain [111] . Daniel et al. [112] also reported that starch or BSA stabilized silver NPs can induce clear developmental defects in zebrafish embryos that may activate health-related concerns. Therefore, the risk of biomedical application of Ag NPs remains controversial and not entirely known since few reports on the toxicity of silver NPs are available, and in contrast to the data, the results of several animal studies demonstrated that silver NPs are not toxic and showed no immune response [113] . Likewise, even if all concerns about silver toxicity are confirmed, the biological synthesis of silver NPs can minimize their toxicity, and the resulting NPs are remarkably more stable [114] . Recently, silver NPs have been tested as anticancer agents. Jeyaraj et al. [115] have shown that biogenic Ag NPs achieved by using Sesbania grandiflora leaf extract as a novel reducing agent have a cytotoxic effect against human breast cancer (MCF-7) cell lines. Ag NPs combined with lanthanum magnetite particles are also an ideal tool for inducing hyperthermia (TC 41-44 °C) [116] . Using starch-coated silver NPs have shown an antimitotic effect on human glioblastoma cells (U2510) and human lung fibroblast cells (IMR-90). Ag NPs affect these cancer cells through ATP depletion, mitochondrial damage, cell cycle arrest in the G2/M phase in addition to enhancement of reactive oxygen species (ROS) generation [117] . The cell titer blue viability assay confirms mitochondrial damage in the presence of silver NPs. Mitochondrial dysfunction results from ROS production and subsequent oxidative stress, which is a common mechanism for the cell damage induced by nanomaterials [118] . The presence of silver NPs in the brain has been previously shown [119] . The ability of nanosilver to penetrate the bloodbrain barrier without producing apparent toxicity may cause optimism for targeting brain tumors with drug-conjugated nanosilver. For tumor imaging and diagnostic systems, silver exhibits stronger and sharper plasmon resonance peaks than gold; therefore, Ag NPs were chosen. The chemical properties of colloidal silver make it a promising candidate for targeted drugs or a gene delivery approach to specific cells [120] . Wu et al. [121] used silver NPs as a platform for drug delivery. Silver NPs have a wide range of surface functional groups by which multiple diagnostic and therapeutic agents can be conjugated.
Many researchers have attempted to functionalize silver NPs with bioreceptors (BSA) for biosensing applications. Once proteins bind to silver NPs, the intensity and the wavelength of the particles are changed; therefore, using silver NPs coated with a protein or antibody is a promising approach as an alternative for ordinary biosensing techniques [122] .
A major goal of nanomedicine in oncology is to use a molecule to offer the opportunity for simultaneous targeting, imaging, and treatment. In this regard, multifunctional nanostructures composed of silver can be used as a tool for diagnostic and therapeutic systems. However, despite the beneficial properties of silver NPs, due to health and environmental safety concerns, silver NPs have still a long way to go to be confirmed in clinical trials.
Iron oxide nanoparticles
Iron oxide is the main component of magnetic NPs. Iron oxide NPs have attracted much interest based on their superparamagnetic properties and their potential applications in many fields. Thermal energy, quantum size effects, and large surface area of iron oxide, are responsible for this super-paramagnetic property [123] . Some factors such as low toxicity and the known metabolism pathways make superparamagnetic iron oxide NPs (SPIONs) interesting tools in biomedicine [124] . Iron oxide NPs not only have been used as high-sensitive biomolecular magnetic resonance imaging (MRI) agents in diagnostic system but also may be useful tools for tissue repair, detoxification of biological fluids, immunoassay, hyperthermia, drug delivery, and cell separation [125] . [126] , maghemite and magnetic NPs are the most commonly used SPIONs in various biomedical applications since they are biocompatible and nontoxic for humans [127] . Cobalt (Co) and nickel (Ni) also even more magnetic properties than iron oxide, but they are highly toxic; thus, they are not usually applied in biomedicine. Using SPIONs in oncology is not limited to cancer detection as a contrast agent. Modifications of magnetic NPs make them interesting options for cancer therapeutic systems. Collagen-based magnetic nanobiocomposites have been established as an MRI contrast agent and as a carrier for delivering cancer drugs [128] . Since iron oxide NPs use folate receptors to enter cells, over-expression of this receptor on the surface of cancer cells, as previously demonstrated [129] , may be a useful point for an anticancer drug delivery approach using these NPs [130] . In this regard, iron oxide NPs have recently been applied as nanocarriers for docetaxel, an anti-breast and ovarian cancer drug [131] . Various biological molecules such as antibodies, proteins, and targeting ligands may also be attached to the surfaces of iron oxide NPs via amide or ester bonds aiming to deliver SPIONs to specific targets [125] .
Several groups of coating agents are used to modify the surface chemistry of iron oxide NPs to extend the time of blood circulation and reduce the immune response, and thus clear them from the body [132] . Likewise, appropriate surface coating lets iron oxide NPs disperse into homogenous ferrofluids and thus improve their stability [133] .
Cancer hyperthermia, which means exposing cancer tissues to an alternating magnetic field to raise the cells' temperature, is another application of iron oxide NPs, and a hot iron has been used historically for treating surface tumors [134] . Cancer cells are damaged by temperatures higher than 43 °C, whereas normal cells can survive at even higher temperatures. The amount of heat generated is related to the nature of the magnetic material and the magnetic field applied. Magnetic induction hyperthermia can be used along with specific antitumor gene expression such as TNF-α in tumor cells involving an appropriate heat-sensitive promoter like gadd 153 [135] by which a two-edged sword can be simultaneously triggered against cancer development. Cancer hyperthermia with magnetic NPs has also been investigated for its probable effect on inducing apoptosis in cancer cells [136] . In addition, antitumor immune responses induced by hyperthermia using magnetite NPs also help the treatment process [137] . Overall, iron oxide NPs have enough potential to help researchers design new and efficient strategies for early detection of cancer cells and powerful eliminating programs.
Metalloid Nanoparticles and Cancer
Metalloids have metal and nonmetal features [43] . Boron, silicon, germanium, arsenic, tellurium, and bismuth are commonly known metalloids that have different applications in biomedicine (Table  2 ). In the following section, tellurium is reviewed in more detail based on applications in cancer research [43] . Meanwhile, the application of bismuth NPs will be presented here. Although there is not a lot of data about the application of other metalloid NPs in medicine in cancer research in particular, to the best of the authors' knowledge, boron NPs have been used for different diagnosis or therapeutic purposes in cancer models [160, 161] , but other metalloid NPs such as germanium are frequently used in other areas of nanotechnology. Silicon NPs are also well-known as quantum dot (QD) agents and typically used for diagnostic systems [162] . Despite toxicity concerns about arsenic, arsenic trioxide (As 2 O 3 ) NPs have recently been considered a promising anticancer agent for solid tumors [143, 163] .
Tellurium nanoparticles
Tellurium, a chemical element with symbol Te and located in a chalcogen group of the periodic table, is a brittle, mildly toxic, rare, and silver-white metalloid that looks similar to tin. Based on chemical properties, tellurium is related to selenium and sulfur. Tellurium is occasionally found in elemental or crystal form in its origin and occurs in inorganic and organic compounds [164] . Little is known about tellurium applications in biomedicine. From the past to present, a big concern accompanying the biomedical application of tellurium has been acute and subacute toxicity, which can be observed as a result of inhibition of glutathione peroxidase, bonding with sulfhydryl groups in different molecules, damage to nerves, the liver, and gastrointestinal cells, and disrupting of cholesterol metabolism pathways [165] . In contrast to the tellurium ion, tellurium NPs are gaining interest in biomedicine because they have lower toxicity than ionic tellurium, especially when they are used in combination with other compounds such as silica or cadmium in coated form [166] .
The application of tellurium NPs in cancer research varies from diagnostic to therapeutic modalities, in particular as a QD agent [167, 168, 150] . Cadmium is usually combined with tellurium when QDs are applied. For instance, cadmium and tellurium (CdTe) in conjugation with human epidermal growth factor receptor 2 (HER2) monoclonal antibody have been recently used as a safe and effective nanoprobe for targeted imaging and selective therapy of gastric cancer [151] . In addition, CdTe QDs have great potential in treating cancer using photothermal therapy. Similar to many other metalloid NPs, this effect is due to the physical properties of CdTe NPs [150] . The detection of micrometastasis or tumor shedding antigens as cancer biomarkers have a key role in diagnosing early-stage cancer and in monitoring cancer progress. Accordingly, using a new method for screening micrometastasis in peripheral blood samples seems to be valuable for managing cancer patients' treatment protocols.
Tellurium NPs have been used for this purpose and showed great potential, especially when used along with magnetic NPs (MNPs) and QDs [152] . However, despite this evidence, the toxicity of tellurium NPs is not truly understood for the health care system. Therefore, much effort has been made to overcome this problem. As a toxicity-reducing strategy for NPs, biocompatible polymers such chitosan, polyethylene glycol (PEG), or even gelatin and encapsulation of NPs with polymers are safe and easy approaches. Gelatin was previously examined as a coating agent and effectively reduces the cytotoxicity of NPs. Gérard et al. [156] described that coating CdTe QDs with gelatin and targeting this agent with folic acid, which is usually over-expressed in almost all tumor cells, showed great potential for in vitro cancer diagnosis.
Although the many biological roles of tellurium have not been clearly established, the immunomodulatory effect of this metalloid has been acknowledged [169] . Thus, in addition to the many direct effects of tellurium NPs on combatting cancer, this indirect role, potentiating the immune response and reinforcing immune cells, could also be beneficial in inhibiting cancer development. AS101, a small tellurium IV compound, is now in phase II clinical trials in patients with cancer, and represents a potent immunomodulator with various potential therapeutic applications [170, 171] . AS101 also interacted with thiols, which inhibited the activity of specific proteins, in which the redox status of cysteine is essential for their biological activity [169] .
One of the most important among these proteins is integrins, which have a role in the attachment of cells to the extracellular matrix [172] . Accordingly, any change in the activity of this protein results in inhibition of metastasis, a crucial step for any malignant tumor. We also observed evidence of this change in malignant cells treated with tellurium NPs. Considering these findings and based on the history of selenium application in medicine, doubtfully used primarily, and the relatedness of tellurium and selenium in many traits, tellurium and in particular tellurium NPs could probably open a new window in cancer treatment and diagnosis protocols.
Bismuth nanoparticles
Bismuth is a metalloid element with symbol Bi and atomic number 83. In oncology, bismuth in the form of the 213 radioisotope has been administered for alpha radiation treatment of melanoma, breast, prostate, and colorectal cancers [173] . For diagnostic X-ray sources, bismuth NPs provide higher dose enhancements than gold and platinum NPs for a given nanoparticle size, concentration, and location [174] . We have recently shown the antibacterial effect of biogenic bismuth NPs against Helicobacter pylori [175] . Since H. pylori infection is a major risk factor for developing stomach cancer, this agent can be entered in experimental studies as a cancer prevention strategy using metalloid NPs. Bismuth NPs have also been used for computed tomography (CT) scans in diagnosis tests. Safety tests showed that bismuth NPs with a LyP-1 molecule as a tumor-targeting antigen were well-tolerated when they were injected into mice, and the NPs were cleared from the blood and accumulated in tumors within 24 hrs [149] .
Selenium Nanoparticles
Selenium (Se) is an important micronutrient ion with many biological benefits, including antioxidant effects, cancer prevention, and antiviral activities [176] . Generally, two types of selenium supplements are available; the first type is the salt form of selenium such as sodium selenite or selenate and selenium dioxide. The other type of selenium (called organoselenium) includes selenocysteine and selenomethionine. Selenium yeast, produced by fermenting Saccharomyces cerevisiae in a seleniumrich medium, is also a recognized source of organic food-form selenium [177] . Different types of selenium may act differently in the human body when consumed [178] . The biological effects of Se mostly depend on the incorporation of this metalloid into selenoproteins in the form of the amino acid selenocysteine [179] .
In fact, selenocysteine (SeCys) has its own codon in mRNA that specifies its insertion in selenoproteins. Selenoproteins have a major role in maintaining redox balance, but unfortunately, other functions mostly remain unrealized [180] . However, one other effect of selenoproteins in human health is related to their corporation in immune responses and body defense against foreign substances or malignancies [181] .
Although many past and ongoing clinical trials are trying to use selenium as a chemopreventive agent to control the incidence of cancers, the trials have had controversial results and even denied the preventive role of this micronutrient [178] . Unfortunately, in spite of all available data, the therapeutic effects of selenium are not fully understood in cancer patients. In particular, consuming selenium in a therapeutic regime in addition to conventional anticancer treatments seems more efficient due to the immunostimulatory effect of this element. However, similar to many other trace elements, a big concern limiting selenium application is the toxicity of this element close to its effective dose.
Elemental selenium at the Se 0 state known as nanoselenium is an insoluble metalloid compound that can be synthesized chemically or biologically at nanoscale [182] . Elemental Se has various allotropic forms, including a red amorphous form, a black vitreous form, three (α, β, γ) red crystalline monoclinic forms, and a grey/black crystalline hexagonal form, which is the most stable [183] . Since the toxicity reported for elemental nanoselenium (Se 0 ) is lower than that for selenate (Se +2 ) or selenite (Se +4 ) ions, Se nanoparticle can be considered as a good candidate to replace selenium in clinical practice [184] . In the past decade, Se NPs were highly research friendly due to the similarity of biological properties to Se ions even in lower doses with lower toxicity [185] .
Anticancer effect of Se nanoparticles
In cancer treatment and diagnosis, Se NPs have attracted researchers' attention and were used in different studies [186] [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] (Table 3) . Se NPs can be prepared chemically and biologically. Recently, biological methods for producing Se NPs by bacteria such as Bacillus and Lactobacillus species have been optimized in our laboratory [203, 189] . We applied these biogenic NPs to trigger the immune response of cancer-bearing animals and indirectly inhibited tumor development [191] . The purpose of selecting biogenic Se NPs instead of chemically produced peers was related to the feature of functional groups on the surface of NPs. In biogenic Se NPs, different functional groups are present, which refer to the source and milieu of production. One of the most likely components accompanying biogenic Se NPs is bacterial antigens, which in our experiments belonged to Lactobacillus species. Lactic acid bacteria are known safe for human and animal consumption and have been used as probiotics. However, the immunomodulatory effect of these bacteria is interesting and has been previously studied [204, 205] . In addition, Lactobacilli enriched with Se NPs were used to trigger the immune response of cancer-bearing mice [191] . Therefore, administering biogenic Se NPs would be more efficient for orchestrating anticancer immunity compared to chemically produced counterparts. However, in our experiences Se NPs were administered orally and induced immune cell reorganization essentially through the mesenteric lymph nodes. In fact, via this strategy, the indirect effect of Se NPs on cancer is being approached. In our recent study, oral administration of Se NPs in mice demonstrated the ability to recover suppressed bone marrow cells in neutrophil cells after irradiation [206] . These results are a method of activating the body's defense against opportunistic infection threatening the survival of cancer patients undergoing radiotherapy or chemotherapy. However, many other strategies have been applied to establish and optimize the best effect of Se NPs against cancer in therapeutic and diagnostic systems.
Like other metalloid NPs, Se NPs have been used in different modalities for cancer diagnosis and therapy. Transferrin conjugated Se NPs as therapeutic agents loaded with doxorubicin showed a synergistic effect for cancer therapy with higher efficacy and fewer side effects [186] . Likewise, hyaluronic acid decorated Se NPs as a therapeutic agent demonstrated a higher tumor inhibition ratio and reduced tumor weight [187] .
The mechanism that probably causes the direct anticancer effect of Se NPs is triggering apoptosis pathways. It is well documented that Se NPs induce apoptosis by depletion of mitochondrial membrane potential, reactive oxygen species (ROS) overproduction, and cytochrome C release (Fig. 4) [186] . Accumulation of intracellular ROS results in activation of the p53 and MAPKs pathways to promote cell apoptosis. However, ROS affect mitochondrial membrane potential and start a series of mitochondria-associated events and caspase activity and can be counted as another mediator of selenium treatment in cancer cells [207, 208] . Selenium, in addition to overproduction and accumulation of ROS, causes oxidative stress or endoplasmic reticulum stress and mediated cell survival by modulating Ca 2+ release leading to caspase activity and apoptosis [209] . The cytotoxic effect of Se NPs demonstrated in our experiences for human and mouse cancer cells (4T1, HT29) with in vitro MTT assay may also be related to these phenomena (Fig. 5) . Therefore, direct administration or intravenous (IV) injection of Se NPs to avoid tumor progress in the body can be approached and seems more efficient, although, like any other injectable drug, many parameters should be controlled before administration. Sterility, osmolarity, pH, and volume of administration are among these parameters. For NPs, in addition to these factors, stability and aggregation must be considered.
With reference to cytotoxicity assay results in Fig.  5 for HT29 cells (human colorectal cancer) the dose of 100 μg/ml concentration of Se NPs almost represent 100 % inhibition rate in addition to the safety of this Se NPs level that we have already observed [210] . Since colorectal cancer occurs in the gastrointestinal tract, oral administration of these NPs can also orient the drug to the target site without many IV concerns.
Antimetastatic and antiangiogenic effects of Se nanoparticles
Antimetastatic and antiangiogenic effects of Se NPs are other properties of these NPs, which are likely related to direct and indirect effects of Se NPs. In fact, Se NPs can affect the tumor not only during the early phase of development but also in late stages when the tumor becomes invasive.
We recently observed the antiangiogenic and antimetastatic effect of Se nanoparticle-enriched Lactobacillus in mice with breast tumors [191] . In our experience, the tumor metastasis in the mice treated with Se NPs enriched Lactobacillus was significantly lower than that of the mice treated with phosphate buffer solution (PBS) and the mice treated with nonSe nanoparticle-enriched Lactobacillus (Fig. 6 ). In addition, the rate of tumor angiogenesis in the Se nanoparticle-enriched Lactobacillus-treated mice had decreased. This result was also repeated when ruthenium (II) polypyridyl functionalized selenium NPs (Ru-Se NPs) were used against human umbilical vascular endothelial cells (HUVECs) and human hepatoma cancer cells (HepG2) [192] . Sun et al. [192] showed that Ru-Se NPs inhibit angiogenesis and are a viable drug candidate in antiangiogenesis and anticancer therapies.
In another research, we evaluated that selenium NPs can stop the attachment of cancer cells to the surface of culture flasks in in vitro assays (Fig. 7) . This result, like tellurium, depends on the interaction of the surface molecules of cancer cells such as α/β integrins with Se NPs (Fig. 8) . We also demonstrated that 25 µg/ml of Se NPs can inhibit the migration of 4T1 (mouse breast cancer) cells in scratch tests [211] after 24 hrs of culture (Fig. 9) . Thus, the lower metastasis rate in the tumors of mice treated with Se NPs might be due to these phenomena [169] .
However, interaction of selenium with intracellular proteins such as glutathione peroxidase (Gpx), superoxide dismutase (SOD) or catalase, and any other enzymes that have cysteine in their active site and inhibition of their activity results in the accumulation of ROS in the cell cytoplasm [212] . Therefore, considering the higher level of these enzymes in cancer cells due to the higher level of metabolism and mitochondrial respiration, an optimum dose of selenium may cause more toxicity for cancer cells compared to normal cells.
Given all together and considering the results of toxicological studies [185] , a new modality for cancer treatment by using Se NPs, which avoids cancer development with direct and indirect effects especially with lower concern about the selenium toxicity, could be achieved. Finally, as is fundamentally expected for all nanomaterials, Se NPs provide a vast surface compared to their volume, which provides an opportunity to functionalize and target these NPs to cancer cells. The biofunctionalization of Se NPs with several biomolecules is our current research mission, and we will publish related results soon.
Conclusions
Although inorganic NPs may seem useful tools for cancer imaging and diagnosis, the capacity of these agents does not stop there. Attacking cancerous cells as anticancer drugs or carriers for anticancer medications has also shown promising results. Albeit, to the best of the authors' knowledge there is a hidden trend to use nanoparticles more for diagnostic oncology and although current available chemotherapeutic medications do not distinguish between cancerous and normal cells and have many side effects, in the case of nanoparticles there is a more conservatism for therapeutic application. However, we believe that this concern is not a case especially when metal NPs are used. In fact, although the fate of NPs in the body and tissue distribution of these agents and attachment of NPs to natural proteins of human body (protein cornea) are considered as big concerns, metal NPs have safe properties in this regard. Taken together it is predictable that in the near future, inorganic NPs will likely open a new window not only as diagnostic agents but also as useful agents in cancer treatment.
